A strain variation in the internal and terminal repeats which bind the short unique sequence of varicella-zoster virus (VZV) DNA was found to be due to an insertion or deletion of DNA sequences at a single site. DNA sequence analysis showed that the nucleotide sequence CCGCCGATGGGGAGGGGGCGCGGT ACC is tandemly duplicated a variable number of times in different VZV strains and is responsible for the observed variation in mobilities of restriction fragments from this region of VZV DNA. The variable region sequence shares some homology with tandemly repeated regions in the a and c sequences of herpes simplex virus type 1 and probably exists in a noncoding region of the VZV genome.
We have recently reported that varicella-zoster viruses (VZV) isolated from lesions of patients with varicella or zoster infections possess characteristic DNA restriction digestion profiles which permit differentiation of VZV strains (15) . All viruses isolated from patients whose infection was acquired in different outbreaks could be distinguished from each other on this basis, whereas viruses from single, small outbreaks appeared identical (15; S. E. Straus, W. T. Ruyechan, and J. Hay, unpublished observations). In addition, this restriction endonuclease test has been used to show that viruses isolated from varicella and subsequent zoster infections in the same patient are also identical (17) . Such strain differences in VZV DNA seem to be quite stable to passage in human cell culture (15, 18) and to at least limited passage in people (15) . We have hypothesized that these strain variations arise from the insertion or deletion of DNA sequences at specific sites in VZV DNA.
Analogous strain differences in other herpesvirus DNAs have been reported (e.g., see references 1, 5, 9, and 14) and have been used as stable markers in molecular epidemiology studies (3, 10) . The present study describes the detailed sequence analysis of one region of the genome in which strain differences have been observed. Figure 1 shows the basic structure of VZV DNA. There are two unique sequences, UL, and Us, and one set of inverted repeats, TRs and IRS (6, 7, 16) . Recently, it has been suggested that both the UL and Us sequences may be capable of inversion, the former at low frequency (14a; A. Davison, personal communication) . Regions of DNA strain difference are also identified in Fig. 1 , on the maps, as specific fragments from restriction endonuclease digestions of whole VZV DNA (15) . These differences occur in UL and in the repeat (IRS and TRs) regions (15) .
Based on the hypothesis that the DNA strain difference in the repeat region ( Fig. 1) was the result of a single insertion or deletion and that it amounted to a maximum of about 250 base pairs (bp) (15) , it was decided that heteroduplex analyses in the electron microscope would provide useful data on the location and, perhaps, on the size of the difference.
The EcoRI E fragment of VZV DNA, which contains the * Corresponding author.
repeat region strain difference ( Fig. 1) , was cloned into pBR325 by using DNA from a number of different VZV strains. Cloned DNA preparations were cut with EcoRI, and the E fragments from four strains were isolated, after electrophoresis, from 1% low-melting-point agarose gels by the method of Langridge et al. (8) . Electron micrographs of three heteroduplex DNA molecules (strains Ellen and Scott) are shown in Fig. 2 . In each, two features are evident; first, there is a single-stranded (open or collapsed) loop present close to one terminus of the molecule, and second, the remainder of the molecule appears to be duplex DNA. Twenty-one such heteroduplexes were examined, and the location of the single-stranded loop was estimated to occur, on average, 80 + 4% of the distance from one terminus of the EcoRI E fragment (Fig. 3 ). It was difficult to measure accurately the size of the single-stranded loop in these heteroduplexes, but it appeared to be of approximately the same magnitude (100 to 200 bp) as the strain difference (Ellen versus Scott) estimated previously from gel electrophoresis (15) . These data suggest that the EcoRI-E strain difference is a single insertion or deletion close to one terminus of the fragment.
To orient this strain difference with respect to the termini of EcoRI-E and to obtain a better assessment of the size of Fig. 4 , in which four different EcoRI-E clones, from VZV Scott, Ellen, Webster, and Oka, digested with BglI are shown.
It is clear from the digests that the strain differences are all localized to one fragment, BglI-K, which maps in the right half of IRS, toward the IRS-Us junction (Fig. 3 ). An analogous digestion with Sall (not shown) further localized the strain differences to the Sall Q fragment (Fig. 3) . From these digests, estimates of the sizes of the EcoRI E fragments from different strains can be made. Ellen E is approximately the same size as Webster E, whereas Scott E is 100 and Oka E is 200 bp larger.
As a means of determining the precise nature of these VZV DNA strain differences, segments of the EcoRI E fragments from VZV Ellen and Oka were cut with Sail, and the SalI Q fragments were 32P end labeled with polynucleotide kinase before being subjected to Maxam (CCGCCGATGGGGAGGGGGCGCGGTACC)n-Us and occurs in SalI-Q, approximately 20% from the right-hand terminus of the fragment (Fig. 3) ; n appears to be not necessarily a whole number.
The strain differences in VZV DNA which we have described above appear to have close parallels in the DNA of equine herpes virus type 1, at least in terms of their location on the genome (1). Equine herpes virus type 1, like VZV, possesses a genome which contains a single set of inverted repeat sequences, and the two viruses are somewhat related at the DNA sequence level.
Several other herpesviruses contain, in their inverted repeat sequences which bound a short unique region, DNA sequences which vary in length depending on the strain. Examples of these are pseudorabies virus (2) and herpes simplex virus type 1 (HSV-1) (13), in addition to equine herpes virus type 1 and VZV. The nature of a repeat sequence strain variation has been investigated in only one other instance. In HSV-1, multiple repeats of a short DNA sequence in the c region exist upstream from coding sequences for a small polypeptide (4, 13) It is hypothesized that variable copy numbers of this short sequence (22 bp) are responsible for HSV-1 DNA strain variation in that region.
In the present study, we found an analogous situation in VZV DNA and were able, by analysis of several strains, to confirm the hypothesis that strain variation in the repeat   FIG. 2 . Electron micrographs of heteroduplex molecules formed between the EcoRI E fragments from VZV Scott and Ellen. Plasmids containing the EcoRI E fragment from strains Ellen and Scott were digested with EcoRI, and the bands were separated in 1% low-melting-temperature agarose gels. The EcoRI E bands were cut out and extracted from the gels (8) . Equal amounts of each DNA were mixed, denatured, and allowed to reanneal before being spread and mounted for examination in the electron microscope. Shown are three representative heteroduplex molecules (A, B, C). There is a single-stranded insertion or deletion loop near one end of each molecule (arrows) which is the strain difference. The remainder of each of the molecules is double stranded. Bar, 1 ,um. region is due to variable quantities of a short DNA sequence. Davison (personal communication) has recently observed the presence of five to six copies of this 27-bp sequence in one strain of VZV (Dumas) . Examination of the VZV sequence responsible for strain variation and comparison with the parts of the HSV-1 a and c sequences in the short repeat regions (12, 13) reveals some interesting similarities (Fig. 5) .
Several points arise. First, they are all strikingly similar in overall G+C content. The HSV-1 sequences are 86.4% (c) and 83.3% (a) G+C, while the VZV sequence is 81.4% G+C. In contrast, the overall base composition of these two viral genomes is 67 and 48%, respectively. At a more detailed level, both HSV repeat sequences contain the following stretch of purines: GAGGAGGGGG; a corresponding sequence, GGGGAGGGGG, identical to the HSV sequence except for the A/G switch at position 2, occurs in the center of the VZV repeat. Alignment of these two purine stretches results in an 18-base overlap between the HSV c and VZV sequences (Fig. 5) , which have a base homology of 67%. The overall homology between the HSV and VZV genomes has been estimated to be only a few percent. It would seem likely that such an unusual and apparently highly conserved region of DNA has a role to play in the life cycle of these viruses. At present, however, what this role might be is unclear.
In HSV-1, these sequences appear to occur between or outside coding regions of the DNA and may be controlling factors for transcription (13) . Preliminary evidence from this laboratory (J. Ostrove, personal communication) and others (A. Davison, personal communication) suggests that these variable sequences in VZV have a similar role in that they lie between the 5' termini of two mRNAs.
Finally, preliminary data suggest that the other two variable regions in VZV DNA (both in UL; Fig. 1 
